Fiber-reinforced polymer (FRP) strengthening systems are widely accepted in engineering practice as means to enhance the flexural strength of RC members, but resulting in decreased ductility. To improve the flexural capacity of RC beams strengthened with CFRP plate, but also to ensure the enough ductility, a study was carried out. Putting forward the design method of CFRP embedded reinforcement beams based on ductility ability. The result of the study revealed that the method was reliable by the analysis of an example, and the method can be used in the design of reinforcement project.
INTRODUCTION
In the last 30 years, the fiber-reinforced polymer (FRP) strengthening technique has been widely used in civil engineering. Near-surface mounted CFRP is a new reinforced method and is widely used to enhance the mechanical properties of RC structure. Near-surface mounted CFRP is a reinforced method to advance on the surface of the components that need to reinforce the slot, and then put the CFRP strips into slots to improve the mechanical performance of the component. Compared with the surface stick method, near-surface mounted CFRP has the advantages of low dosage of materials, corrosion, resistance, applicable to the uneven surface of the component, and more effective component force, suffers accident load is not easy to damage, etc. (Li et al., 2005) . But it also has some drawbacks; brittle failure is one of the greatest hindrances limiting FRP system from wider application. Brittle failure decrease the reliability of FRP strengthening system and limit their practical applications. Yu et al. (2016) indicated that the ability to enhance the ductility may have even greater significance than that to merely enhance the ultimate strength, because it can provide warning prior to the failure and showing progress of damage and relieve the upper limitations imposed on FRP and better utilizing the fiber strength. A variety of methods have been proposed to increase the ductility of FRP strengthened RC structures. Wu et al. (2010) developed a perforated slurry infiltrated fiber concrete with high ductility into the compression area of concrete, improving the ductility of CFRP strengthened components. The result of the experiments indicated that the above method can improve the ductility of the members, but decrease the bending stiffness and strength of beams. Zhou and Attard (2012) and Zhou et al. (2013) used carbon fiber-epoxy polyurea composite, combining with a polyphase hybridized interface, to avoid the dissipation of energy to achieve sustainable high strength and increase the ductility of the concrete. The proposed method was validated by experiments, but has a drawback of this method is not applicable in the NSW FRP strengthened system. Rasheed et al. (2010) developed tests on RC beams strengthened with NSW-CFRP. The extra transverse reinforcement was used to confine concrete and anchor longitudinal reinforcement, reducing the premature debonding. Experiments show that the member strength was fully utilized and the ductility was improved. Wu et al. (2007) set tests on RC beams strengthened with prestressed NSW-CFRP tendons. The experimental results demonstrated the flexural stiffness and ultimate load capacity of strengthened beams was largely enhanced by the prestressed NSW-CFRP.
The concept of structural ductility can be defined as an ability to sustain the applied loads beyond the elastic limit without significant loss of load-carrying capacity until failure (Grace et al. 1998; Pam et al. 2001 ). However, quantifying ductility is still a controversial issue because no absolute definition exists. Nevertheless, several methods exist for quantifying the ductile behavior of beams such as curvature ductility, displacement ductility, energy ductility, and deformability factors (Grace et al. 1998 Research that near-surface mounted CFRP can improve the shear strength and flexural capacity of reinforced concrete has been verified in many experiments, but researchers rarely consider near-surface mounted CFRP about improving the ductility or not systematic. Based on the results of the experiment, analyzing yield and ultimate curvatures, calculation methods for ductility of RC beams with nearsurface mounted CFRP plate reinforcement was proposed.
ANALYSIS ABOUT CALCULATION METHOD OF DUCTILITY Fundamental Assumptions
In order to simply the calculation, the author has done the following assumptions: all the equations in this article should conform the plane-section assumption, stress-strain diagram of elastic-plastic is adopted in stress-strain relationship of steel, stress-strain diagram of CFRP plate is linear elasticity, concrete tensile strength is ignored, "Rush" model is used in stress-strain diagram of concrete. Thus, the rising step of stress-strain diagram of concrete is curve, and the downward is straight line. 
Resultant force of concrete in the compression zone is calculated from: 
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As it is showed in Figure 1 Compile equation 14, the following equation is obtained:
x is solved from the above matrix equation:
where
Bring 
Design of CFRP-Strengthened Beams
In order to investigate the applicability of the calculation method, five RC beams were constructed for two-point loading tests. Table 1 summaries the specimen program, where L1 and L2 acted as a control specimen, JGL 3, JGL 4 and JGL5 were strengthened with NSW-CFRP. The cross-sectional dimension of all specimen was 150mm(width)250mm(depth) 2600mm(length). Concrete C30 is used. All specimens were reinforced with 2#6 compression steel bars. Three beams were provided 2#8 longitudinal tension steel bars, ratio of 0.32%. The other two beams were provided 2#12 longitudinal tension steel bars, ratio of 0.72%. In this experiment, pure bending region length is 600mm, and shear bending region length is 900mm. In order to prevent shear failure in the loading process of shear bending region. Steel stirrups, 6-mm-diameter bars were used to confine the concrete and spaced on center at 100mm in shear bending region, and 200mm in pure bending region. Concrete cover thickness is 30mm (distance from the edge of stirrup to concrete surface). Figure 1 shows test beam design and loading schemes. Table 1 shows design parameters and failure models of the experimental beams, Table 2 shows curvature ductility factor for experiment beams, Figure 2 shows deflection at mid span of the experimental beams. Table 3 shows comparison between calculated value and experimental value.
Comparison Between Calculated Value and Experimental Value
Where, fe A means calculated value of reinforcement area of CFRP, ft A means experimental value of reinforcement area of CFRP. The results show the error is small, thus the calculated method proposed in this article can be used in project.
CONCLUSIONS
A calculate method is developed to ensure the ductility of a RC beam strengthened with NSW-CFRP. Additionally, calculate example were conducted to validate the calculate method based on ductility. Referring to the calculate results, the method is proved reliable and the method can be used in the design of reinforcement project.
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